Venusian plains regions, as imaged by the Magellan spacecraft, display many styles of tectonic and volcanic deformation. Radar images of several areas of the volcanic plains reveal polygonal patterns of bright lineations. Intersection geometries of the lineations defining the polygonal patrems are typical of those found in tensile networks. In addition, the polygonal panems generally exhibit no preferred orientation, implying that they are the result of horizontally isotropic stress fields. Such stress fields usually arise on the Earth as a consequence of desiccation, freeze-thaw cycles, or cooling and produce mud cracks, ice-wedge polygons, and columnar joints, respectively. We propose that the polygonal patterns seen in the Magellan images of some of the volcanic plains are the result of thermal stresses. We consider two altemative scenarios which would generate sufficient tensfie thermal stresses to cause failure. The first scenario is that of a cooling lava flow; the residual thermal stress which would develop (assuming no failure of the rock) is tensional and of the order of 400 MPa. This is much greater than the strength of unfractured terrestrial basalt (-10 MPa), so we can expect joints to form during cooling of VenusJan lava flows. However, the spacing of the polygonal lineations seen in Magellan images is typically 1-2 km, much larger than the largest spacings of decimeters for joints in terrestrial lavas. The second scenario involves an increased heat flux to the base of the lithosphere; the resulting thermal stresses cause the upper lithosphere to be in tension and the lower lithosphere to be in compression. Britfie tensile failure occurs near the surface due to the finite yield strength of the lithosphere. The maximum depth to which failure occurs increases with increasing elevation of the temperature gradient. For an initially 25-km-thick lithosphere and temperature gradient of 11ø/km, this maximum depth varies from 0.5 km to 2 km as the temperature gradient is increased to 12ø/km and 22ø/km, respectively. Both the cooling flow scenario and the heated lithosphere scenario produce isotropic tensile surface stress patrems, but the heated lithosphere model is more compatible with the kilometer searle of the polygonal pauems seen in Magellan images.
whereas the spacing of joints in terrestrial lavas varies from decimeters to centimeters. Factors which may cause such a difference in scale are discussed. It is possible that the tensional networks are the result of a thermaBy stressed layer much thicker than a single lava flow. We consider a second model in which thermal stresses develop as a result of regional elevation of the temperature gradient. In this case a layer up to a few kilometers thick undergoes brittle tensile failure.
DATA ANALYSIS
A preliminary analysis of Magellan synthetic aperture radar (SAR) and altimeter data has revealed 15 areas displaying bright polygonal patterns (Figure 1) . If the polygonal patterns are tensional fracture networks, resulting from the cooling and contraction of lava flows, then the fracture pattems should occur in areas that have been resurfaced by lava flows (identify flow source(s) and extent) and the edges of the fracture pattems should correlate with the margins of the flows. Alternatively, if the polygonal patterns are the result of thermal stresses in a thicker layer (upper crust or lithosphere), the edge of the pattems will not necessarily correlate with the limits of a lava flow. Below we discuss one area in detail, presenting evidence to support the hypothesis of a thermal contraction origin for the polygonal pattems. Figure 2 . Bright polygonal patterns are evident on the dark plains. Possible origins for such smooth (radar-dark) flat areas include resurfacing by extremely fluid lavas (analogous to terrestrial flood basalts) ash cover or tuffs. It is evident from thin mantling deposits identified in some areas that pyroclastic eruptions do occur on Venus [Guest and Bulmer, 1992] . However, it is currently believed that this type of eruption is unlikely to occur under Venusian conditions unless the volatile content of the ascending magma is in the range 2-4%; when pyroclastic eruptions do occur, the pyroclasts themselves will be much less widely distributed than on Earth . It is thus more likely that the dark background in the radar image is the result of lava flow(s) rather than ash cover or nuee ardente type flows. Although difficult to discern in Figure 2 If the patterns are directly analogous to terrestrial joints, extent of the polygonal patterns. Furthermore, the polygonal then sufficient thermal stresses must be generated in a cooling flow patterns are identified as tensional and probably unrelated to local to cause tensile failure of the rock, the predicted thermal strain must and regional tectonics due to their lack of preferred orientation. be compatible with that observed, and the difference in scale between the Venusian patterns and columnar joints on the Earth DISCUSSION must be explained. Alternatively, the patterns may be the result of thermal stresses generated in the upper crust3ithosphere rather than
Magellan topography profiles [Ford and Pettengill, this issue] along sections XX', YY', ZZ' of

Small shield volcanoes and N-S and NW-SE bright lineadons appear
We have presented observational evidence supporting the idea in a single lava flow. If this is so, the mechanism producing the that polygonal patterns seen in Magellan SAR images are tensional thermal stress must be investigated and an estimate of the yield networks. Spatial correlation of the patterns with volcanic flows, strength envelope for the Venusian lithosphere is needed to the isotropic nature of the patterns and the joint intersection determine whether failure would occur for a given thermal stress geometries described in detail above suggest an analogy with profile. These issues are discussed in detail below. terrestrial lava flow joints in seven areas. In the remaining eight In an ideal case, a cooling lava flow solidifies but cannot retain areas, correlation of the edge of the patterns with flow limits is any thermal stress until it cools through an elastic "blocking poor, but the patterns are still associated with extensive volcanism. temperature"; below this temperature, elastic stresses accumulate The major difference between terrestrial joints and the tensional according to [ Ricard and Froidevaux, 1986; Zuber et al., 1986] . These studies for an initially 25-km-thick lithosphere with a temperature gradient predict that the deformation wavelength will be about 4 times the of 1 lø/km by allowing the temperature gradient to increase to layer thickness. between 12ø/km and 22ø/km. The yield strength envelope for dry The variation in spacing at Nightingale Corona is not explained olivine corresponding to the increased temperature gradient was by either the cooling flow or heated lithosphere scenario. also computed. Brittle tensile failure occurs in the upper part of the However, in the heated lithosphere model the depth of failure is lithosphere wherever the thermal stresses predicted exceed the yield governed by the intensity of the increased heat flux, and so wider strength. The maximum depth at which failure occurs increases polygons could be the result of greater heating. This would imply a with increasing elevation of the temperature gradient. In our large lateral gradient in heat flow south of Nightingale Corona to numerical example this depth increased from 0.5 km for the account for the spatial variation in polygon size. Alternatively, the temperature gradient of 12ø/km to 2 km for the temperature gradient variation in polygon width may be related to the topographic flexure of 22ø/km. at Nightingale Corona. We have no quantitative explanation for
The cooling lava flow model can explain the existence, but not this but the idea is supported by the observation that the wide the scale, of isotropic patterns at the seven locations described in polygons (> 3 km)are observed only at Nightingale Corona. In all Table 1 
